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Abstract 
The control of carbon dioxide emissions will not result from only one technology but from a whole means deployed 
simultaneously.  This process is not only the development of energies without carbon, but also the control of fossil 
energies emissions, whose reserves are too significant so that they are forsaken. In Algerian Southern, geothermal 
resources have a low enthalpy (temperature  100°C).  They are intended for the direct use such as greenhouse 
heating and home heating.  Geothermal energy could also be used in electricity production by the using an organic 
fluid. In this study, thermodynamic cycle is considered for the electricity production by geothermal power station 
which transforms fluid thermal energy into mechanical energy, then into electric power thanks to a generator. Carbon 
dioxide CO2 is a suitable working fluid (no explosion risks, non-flammable, and non-toxic) where it is vaporized in 
contact with the geothermic heat, and then it passes in a turbine to generate electricity. An operating analysis is 
carrying out in order to optimize electric production system.  The results obtained gives us a good comprehension of 
various parameters effect on the electric output such as geothermic gradient, well depth, rock permeability and the 
well diameter.   
© 2013 The Authors. Published by Elsevier Ltd.  
Selection and/or peer-review under responsibility of the TerraGreen Academy. 
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1. Introduction 
 The current climate change is related on natural phenomena (volcanic eruptions, solar activity), but also 
on greenhouse gases generated by human activities (burning fossil fuels, modification of grounds uses).  
The scientists estimate today that less than 10 % of global warming appeared since 1750 would come 
from solar forces.    
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The last report (in 2007) of Intergovernmental Experts Group of Climate Evolution specifies that there is 
a higher probability (more than 90 %) so that the human activities are the main origin of the current 
climate change. The carbon dioxide (CO2) is the principal greenhouse gas responsible for the current   
climate change; this gas contributes to more than half of the global warming.  In spite of Kyoto protocol,   
international treaty aiming to reducing greenhouse gas emissions, the human activities involve an amount 
of 8,8 billion tons of carbon dioxide per year.   Burning fossil fuels (oil, gas and coal), home heating and 
transportation, is responsible for  the majority of these emissions with 7,2 billion tons carbon dioxide  per 
year (82 % of these emissions).   The modification of grounds uses, which includes deforestation, 
represents the remaining share with 1,6 billion tons per year of carbon (18 % of the emissions).  The half 
of carbon dioxide emissions remains finally closed in lower atmosphere level [1].  Only, renewable 
energies, solar energy and its derivative:  wind, hydraulics, biomass and geothermic which don’t produce 
greenhouse gas.  But in the short term, we are unable to replace oil, gas and coal.    The geothermal 
energy which is regarded as renewable; it is not derived from solar energy, but from the heat released by 
the earth’s crust.  Geothermic consists in collecting earth’s crust heat in order to produce heat or 
electricity.  The temperature of the rocks increases on average by 1°C every 30meters of depth:  it is the 
average terrestrial geothermic gradient.  In certain points of the globe, and in particular in the volcanic 
areas, which correspond to intrusions of magma in the earth's crust, the geothermic gradient is higher 
(10°C by 100 meters in Alsace and even exceptionally 100°C by 100 meters in Larderello (Italy), only 1 
C by 100 meters close to Padoue) and precipitated water which crosses rocks warms up increasingly in-
depth.  Geothermic currently represents 0,3 % of the world electricity production, that is mean 8 GWe 
installed.  The possible resources are estimated at 30 GWe. [1].as an alternative, supercritical CO2 has 
been proposed as the cycle fluid by Brown [2]. The use of CO2 as the geothermal heat exchange fluid was 
further investigated by [3–7]. Thermodynamic and systems analyses have favoured the use of 
supercritical CO2 because of its unique properties including low solubility of salts, high buoyancy forces, 
large compressibility and expansively, and favourable transport properties (a gas-like viscosity with a 
liquid-like density). Besides, the potential for chemical and geological sequestrations of CO2within the 
reservoir is too interesting to be ignored. Furthermore, a supercritical CO2 geothermosiphon operating 
without a pump does not need a binary or flash plant design. The former has lower efficiency than the 
latter while the latter is not environmentally friendly [8,9] .   In this work, we study a heat recuperating 
system from an underground tank artificially saturated by CO2 (initially a dry medium) which is under a 
temperature variation according to the depth.  The system principale is to inject into this tank CO2 by 
injecting well where it transfers heat with the geologic medium then goes up on the ground surface by a 
producing well.     
  
Nomenclature 
D tube diameter m  
h  specific enthalpy  
H length of reservoir, m  
K            permeability 10 -12 m2 
L well separation, m  
          Masse flowrate, kg/s 
P           pressure, bar 
          heat flow, W 
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S           specific entropy 
T           temperature, °C or k 
Tge      geothermal gradient,  K/km 
W       work,J 
      Rate ofwork, W 
Greek symbols 
Ș        efficiency 
Subscripts 
p        pump 
t         turbine 
Superscripts 
In      Intel 
Out   outlet 
2. Properties of CO2  
   Scientifically, carbon dioxide is a colourless and odourless gas consisting of a single carbon atom 
connected with 2 double bonded oxygen atoms. Carbon dioxide is nearly harmless to humans, where only 
high concentrations can cause problems 
Biologically, carbon dioxide plays a major role in formation and decomposition of sugars. Plants, using 
photosynthesis, break down CO2 to produce organic compound, while humans produce CO2 by breaking 
down sugar, fats and more [1]. 
Environmentally, carbon dioxide is a trace gas, making up for less than 0.1% of the gas in the 
atmosphere. Furthermore, carbon dioxide is a greenhouse gas, currently responsible for about 60% of the 
greenhouse effect caused by human influences. 
Before the potential of using carbon dioxide as a working fluid in low temperature geothermal electricity 
production can be analyzed, a clear understanding of the behavior and properties of carbon dioxide is 
required. 
Supercritical fluids are able to spread out along a surface more easily than a true liquid because they have 
lower surface tensions than liquids. In the case of supercritical CO2, with critical temperature/pressure 
being 31.1 °C/7.39 MPa, the viscosity is in the range of 20–100 ­Pa s (0.02–0.1 cP), where liquids have 
viscosities of approximately 500–1000 ­Pa s (0.5–1.0 cP) and gases approximately 10 ­Pa s (0.01 cP), 
respectively. Supercritical fluids, such as CO2, exhibit unique characteristics near the pseudocritical point. 
The thermophysical properties of CO2 at supercritical pressures sharply vary with fluid temperature and 
pressure with the specific heat having a maximum at the pseudocritical temperature. The dramatic 
increase in density near the pseudocritical point leads to greatly reduced compression work. [10]. 
 
2.1. Carbon dioxide in Algeria 
Nowadays, CO2 emissions reached an exceptionally high level.  The International Energy Agency (IEA) 
fears a dangerous rise in the world temperature level.  Guardian journal brings back an IEA estimate that 
greenhouse gas emissions (GES) reached a level ever observed before.  The Agency fears that the rise of 
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the world temperature does not exceed the critical point of 2°C. In addition, according to the same journal 
world growth may be contribute to increase CO2 emissions by 1,6 G tons,  this highest level is ever 
recorded.  Algeria recorded 20 projects which lie within the promotion of durable development 
mechanism, one of the nodal points of Kyoto protocol.  They relate to three sectors: energy, industry and 
the environment. Through these projects, Algeria as protocol signatory ambitioning to imply itself in this 
process in order to take part in the reduction of greenhouse gas emissions, on another side, to participate 
in international carbon market, following the industrialized countries in this filed.  Algeria is considered 
as a fairly producing CO2 country compared with developed countries, and as a large producing CO2 
country compared with the countries having a comparable level of development such as Egypt, Morocco 
or the Tunisia fig.1  
 
 
Fig.1. Total CO2 emissions 
Fig. 2 shows CO2 emissions according to energy source (gas fuels, Liquid fuels, Solid fuels, Gas flaring 
and Cement production) from 1950 to 2007. 
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Fig. 2. Total Fossil-Fuel CO2 emissions in Algeria 
3.Generalsystemdesign
   The basic system, which is used in the operating analysis later in this report, is composed of one 
injecting well, one recuperating well, tank, turbine and condenser, according (see Fig. 3).  The distances 
is given only as indicated title, it can vary for each site.  The turbine and the condenser are placed on 
surface while the wells are under-surface.  Geothermic heat is shown as a small heat exchanger while heat 
is extracted between the wells. 
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Fig. 3. Graphical representation for the system 
 
To simplify calculations, it is supposed that the system is conceived like cycles closed balanced.  This 
means that before the system begins in operating, the tank is already filled with CO2. Moreover, no CO2 
loss was held account in environments.  
3.1Injecting well  
   The injecting well dimensions (diameter, dept) are approximately 20 cm and 2000 m.  The injecting 
well is used to transport CO2 to the tank (in liquid form).  The current system design takes an initial value 
for the pressure and the temperature, which are obtained starting from the exit of the condenser.  The use 
of these initial values makes it possible to calculate the density at the well top.  This takes account from 
top to bottom in calculation for density and pressure increases [11].   
3.2 Tank   
   The tank is a porous environment localised underground in which CO2 passes and heates.  This study 
concentrates on the dry layers having faults with great dimensions.  By the use of several border 
conditions such as system life, tank temperature,  CO2  temperature, it is possible to calculate the energy 
value  which can be extracted or spacing required between injecting and producing well to extract certain  
energy.  Spacing between the wells is the only property which physically can be changed while placing 
the injecting well and producing well at variable distances.   
3.3Producing (recovery) well   
   The producing well is used to extract CO2 from the tank to the turbine.  We suppose that producing well 
has a same calculation as injecting well, except that CO2 circulates in another direction.  The main 
difference between injecting and producing well would be the physical state of CO2, this physical state is 
changed by the heat gained in the tank.   
3.4Turbine 
   In the turbine CO2 is undergone an adiabatic pressure drop (ideal case), the role of this component is to 
make energy transformation contained in the fluid into mechanical energy to produce electricity.  
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3.5Condenser  
   CO2 is cooled by using water or air as heat exchange fluid until gas phase shifts to the liquid state.   
3.6Property exchanges 
The properties of carbon dioxide change along its way through the system. 
Table 1. Property changes in a geothermal [1] 
N location p T h s Phase 
1 Injecting well ++ + 0 - Liquid 
2 tank - ++ ++ ++ Liquid 
3 Producing well - - - 0 + Supercritical 
4 Turbine - - - - - + Supercritical 
5 Condenser 0 - - - - - - Supercritical/gas 
The table does not show numbers but shows either a plus or a minus for an increase or decrease. A double 
plus or double minus refers to a big increase or decrease. A zero means that there is no change. 
4.Thermodynamicpresentation
4.1Recovery well 
   The recovery well is the location where the CO2 is recovered from the reservoir. The well is located 
after the heat source and before the turbine. No efficiency or energy calculations required. 
4.2TPC Turbine 
The turbine is the place where the electricity is generated.    
                                                                                                                                        (1) 
                                                                                                                          (2) 
4.3Condenser 
In the condenser, the gaseous CO2 is cooled down until it becomes a liquid. The temperature of the 
system is arranged here.  
                                                                                                                           (3) 
4.4Pump/injection well 
The pump/injection well is the location where the CO2 is pumped in the geothermal well. This is also the 
place where the pressure for the system is arranged. 
                                                                                                                                             (4) 
                                                                                                                          (5) 
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4.5Heat source 
The heat source is the geothermal well, where the heat is extracted from the earth. 
                                                                                                                (6) 
The overall system is represented by the following equations: 
 
                                                                                                                                  (7) 
                                                         (8) 
                                                                                                                                    (9) 
5. Results and discussions 
   All calculations are made by using Matlab (The Math Works, 2010).  The files (Matlab m) are more 
adequate for an easy and effective calculation.  All the calculations mentioned below in this study assume 
a system in balance state (stationary).     This includes the fact that the tank is already full with CO2.  The 
evolution of the CO2 properties is calculated by stages for one each step of depth (100m).  All the initial 
properties are calculated, using the initial pressure and the temperature for the first step.  The results of a 
stage will be the initial conditions for the next stage, continuing until the end of the well.   
To lead an analysis of operation of our basic system, we vary a parameter and we maintain all the 
different fixed ones. The results obtained enable us to appreciate the sensitivity of the system 
characteristics compared to this parameter.  This study enables us to make choices on the various 
parameters implied in the operation of the installation, and to propose design parameters resulting in 
optimizing the system.   
5.1Permeability effect 
 Fig. 4, (a).  Shows the evolution of the capacity operating by the system according to mass throughput by 
preserving the fixed following parameters; the permeability k=0,5.10-12 m2  geothermic gradient (Tge)=30 
K/km and the  diameter (D = 0.2m).  
 
 
                 (a) (b) 
Fig. 4 Evolution electric power according to mass flow for different depths  (Tge=30 K/km, D=0.2m) (a) k=0,5.10-12m ,(b) k=10-13m  
 
For the first curve (H=1500m) we follow the evolution of the power  until an optimal value 0,43266 MW, 
for a flow of 100kg/s, beyond this flow the power falls towards a value 0,05636 MW for a maximum flow 
of  160kg/s.   
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  For the second curve (H=2000m) the pace of evolution has an optimal value of power 0,81013MW and 
a flow corresponding 90 kg/s; this evolution regresses gradually up to a value of the power equalizes to   
0, 28364 MW corresponding to a flow of 130kg/s. for the other curves of (H=2500 with 4000m) the 
power increases up to maximum values reaching 1,00955MW with 2,4926MW and this for flow values of 
90 with 120kg/s. 
Fig4 (b). Shows the evolution of the capacity operating by the system according to mass throughput by 
preserving the fixed following parameters; the permeability (k)=10-13 m2  geothermic gradient (Tge)=30 
K/km  and the diameter (D=0.2m).   
   For the first curve (H=1500m) the optimal value of power  0,38512MW, for a flow of 90kg/s, beyond 
this flow the power falls  towards a value 0,01828MW for a maximum flow of 150kg/s.  
For the second curve (H=2000m) the pace of the evolution has as an  optimal value of power 0,74172MW 
and a corresponding flow 80kg/s this curve must fall gradually as soon as it would be 0,11445MW with a 
flow  of 130kg/s.  
   And for the other curves of (H=2500 with 4000m) the power must increase itself up to maximum values 
which reaches (0,97614MW with 2,44123MW) which is in the interval (90à120kg/s).   
   We can conclude that the permeability of the tank has an influence on the system effectiveness of 
electric production.  A higher permeability means than the fluid will pass easier in the tank and less 
pressure is required to carry out the same course and this has as a consequence a reduction in the pressure 
loss.  Therefore the increase in the permeability has indirect effect on the capacity operating by the 
system.  
5.2Geothermic gradient effect   
  From preceding result we take the average value of the permeability and we vary the various geothermic 
gradients  
 
 
Fig. 5. Evolution electric power according to mass flow for different depths (k=10-12m2, Tge=40 K/km, D=0.2m) 
 
  Fig. 5, shows the evolution of the capacity operating by the system according to mass throughput by 
preserving the fixed following parameters; the permeability k=10-12m2geothermic gradient (Tge)=40 
K/km and the diameter  (D=0.2m).   
In the first two curves (H=1500 et2000m) the power is characterized by  a less significant evolution 
according to mass throughput but by  comparison of the preceding curves there is a considerable increase 
going from 0,82799MW to 1,30392MW which corresponds to 90 and 100kg/s  respectively and that 
return from increase in the geothermic gradient. For the other curves (H=2500 with 4000m) the evolution 
of power here is significant laying from 1,87077MW to 4,01238MW, in particular on the interval of the 
flows (80 with 120kg/s)  
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Fig.6. Evolution electric power according to mass flow for different depths (k=10-12m2, Tge=50 K/km, D=0.2m) 
 
  Fig.6, shows the significant effect of the geothermic gradient on the capacity operating by the system; 
we notice that there is a margin of flow broader than in the preceding case which due to the rise in the 
power.   
   For the first curve (H=1500m) the maximum value of the power is 1,21561MW which corresponds to a 
flow of 90kg/s.  
   For the second curve (H=2000m), the power reaches a value of 1,87233MW which agrees by a flow of 
100kg/s.  
  For the other curves (H=2500 with 4000m) the power takes considerable values laying from 
2,60556MW to 5,38587MW and this for values of flow going from (90à130kg/s).   
5.3Effect of diameter 
 
Fig.7. Evolution electric power according to mass flow for different depths (k=10-12m2, Tge=50 K/km, D=0.25m) 
 
 Fig. 7, shows the significant effect of the diameter on the capacity operating by the system; we notice 
that there is a margin of flow broader than in the preceding case which is due to the rise in the power.  For 
the first the maximum value of the power curves is 2,1192MW which corresponds to a flow of 160kg/s, 
we notice here that for small variations of flow the power rises up quickly.   For the second curve, the 
power reaches a value of 3,2518MW which agrees by a flow of 170kg/s.     For the other curves (H=2500 
with 4000m) the power takes considerable values laying from 4,54982MW to 9,37748MW and this for 
values of flow laying from 140 to 190kg/s).   
 
6.ApplicationoftheoptimalcaseonconditionsofAlgeriansouth
   The area of this study is in the Algerian South.  The main goal of this work is the evaluation of the 
combination potential between the geothermic of the Algerian South and the use of CO2 potential as 
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working fluid.  For that we applied these sizes estimated concerning this area of study:  k=10-12 m2 the 
permeability of the sedimentary layer (it is noted that 1Darcy=10-12 m2 , H=4000m, depth of the layer.  
Tge=50K/km, we takes this value here because we do not obtain the actual value in the south T=30 °C, 
the ambient average temperature in the area of south-ouest (Bechar).      
   According to the last result for (H= 4000 m, Tge= 50 K/km,  D=0.25m, K=10-12m2  and L =  1170.2 m), 
we inject these data on the conditions  of Algerian south, then we treat it in Matlab as  shown in the 
following table 2:  
Table 2. Values of the thermodynamic sizes in the system suggested in the Algerian south 
  
 
 
 
 
 
 
 
 
   The optimum flow calculated for these parameters is 175.78 kg/s which can extract calorific energy of 
the tank equal to 59.87 MWth that gives an electric power 10.47 MWe, which makes installation total 
output at 17.49 %.   
7.Conclusion
    The work presented in this paper relates to a studying numerical simulation feasibility of geothermal 
system using CO2 like a working fluid.   
    The results obtained gives us a good comprehension of the  effect of different parameters on the system 
capacity operating  where it is noticed that the variation of the permeability  varying  from 0.5.10-12  to   
10-13m2  affects only small variation of the power,  but for the geothermal gradient we obtain an 
interesting results when this last is varied from at 30 to 50 K/km, the maximum power obtained  is     
5,386 MWe for an optimum flow of 100 kg/s, for the well diameter parameter the variation of this one has 
an interesting  effect on the electric output.   
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Perror - 0.147021 
 p(bar) T(k) h(kJ/mol) S(kJ/K.mol) 
1 72.18 296 -1.827 0.1063 
2 407.97 307.1 -1.743 0.1012 
3 407.15 503.2 13.247 0.1391 
4 219.04 476.3 13.246 0.1438 
5 72.04 369.8 9.941 0.1437 
